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REMARKS 

This Preliminary Amendment amends the originally-filed Abstract of the 
above-referenced U.S. application, and provides the amended Abstract on a separate 
sheet. In addition, the Preliminary Amendment amends the originally-filed specification of 
the above-referenced U.S. application, via a Substitute Specification, to refer to and claim 
priority from the underlying PCT Application No. PCT/JP2004/014174 which was filed on 
September 28, 2004 and published on April 14, 2005 as International Publication No. WO 
2005/032740, and from Japanese Patent Application No. 2003-344309 filed on October 2, 
2003, pursuant to 37 C.F.R. § 1.78(a)(2). In addition, the specification has been 
amended to remove minor informalities from originally-filed PCT application, as provided 
herewith in the enclosed Substitute Specification. A marked-up comparison documents 
between the English language translation of the originally-filed specification and the 
Substitute specification is enclosed herewith. 

Further, originally-filed claims 1-16 of the underlying PCT Application No. 
PCT/JP2004/014174 and substitute claims 1-13 filed in the underlying International 
Application PCT/JP2004/014174 under PCT Article 34 have been cancelled, without 
prejudice. New claims 17-38 have been added, e.g., to provide substitute claims 1-13 in 
an appropriate form for prosecution before the U.S. Patent and Trademark Office, and not 
due to any reason of patentability. Accordingly, claims 17-38 are now under consideration 
in the above-identified application. It is respectfully submitted that the amendments to the 
specification and new claims do not add new matter to the application. 

The underlying PCT Application No. PCT/JP2004/014174 includes an 
International Search Report, dated December 28, 2004, a copy of which is included. The 
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Search Report includes a list of clocument(s) that have been considered by the Examiner 
in the underlying PCT application. 

Enclosed herewith, please also find a copy of the PCT Written Opinion for 
the International Application No. PCT/JP2004/014174 dated December 28, 2004. In 
addition, the PCT Preliminary Examination Report for the underlying PCT Application No. 
PCT/JP2004/014174 dated January 24, 2006 is also enclosed. Applicants respectfully 
note that the PCT Examination Authority confirmed that all pending substitute claims 1-13 
filed in the underlying International Application PCT/JP2004/014174 under PCT Article 34 
comply with the requirements set forth under PCT Article 33(2)-(4). 

Applicants assert that the present invention is new, non-obvious, and useful. 
Prompt consideration and allowance of the pending claims are respectfully requested. 

Respectfully submitted, 



Dated: April 3. 2006 




Gary Abelev 
Reg. No. 40,479 

Attorney(s) for Applicant(s) 

DORSEY & WHITNEY LLP 

250 Park Avenue 

New York, New York 101 77 

(212)415-9371 
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TO ALL WHOM IT MAY CONCERN: 

Be it known that we. YASUSHI KURISU. YOSHIAKI SHIA. KAZUTO 
YAMAMURA. YUUICHI ISHIMORI. HIROYUKI MITAKE. TETSUO SHIMA. HIROSHI 
FUKUCHI and NORIMASA YAMASAKI. all are citizens of Japan, whose post office 
address is c/o NIPPON STEEL CORPORATION. Technical Development Bureau. 20-1. 

Shintomi. Futtsu-shi. Chiba 293-8511 JAPAN, have invented an improvement in 
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fOOOll This application is a national stage application of 

PCT Application No. PCT/ JP20Q4/014174 which was filed on 
September 28. 2004 and published on April 14. 2005 as International 
5 Publication No. WO 2 005/032740 (the "Intern ational Ap plication"! t he entire disclosure of 
which is incorporated herein by reference. This application claims priority from the 
Intemational Application pursuant to 35 U.S.C. 6 365. The present appli cation also claims 
Priority under 35 U.S.C. 8 119 from Japanese Patent Application No. 2003-344309, filed 
October 2. 2003^ the entire disclosure of which is incorporated herein by reference. 
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TcchnicQl Field 

FIELD OF THE INVENTION 

100021 The present invention relates to a metal plate 

material hot press molding apparatus and hot press molding 
15 method for heating a metal plate' material^^ and rapidly and 

uniformly cooling the molded material during and/or after hot 
press molding. 

Background Ar t 
20 BACKGROUND INFORMATION 

[0003| Press molding of a metal plate material is the moot 

common conventional working method v\?hich io widely known used in 
manufacturing of automobiles, machines, electric equipment, 
transport equipment, and go on bccauoQ of etc. due to its high 
25 productivity and high-precision working ability. In recent 
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yoQrG, Recently, an increase in the strength of steel plate, 
for example, as a material for automobile parts has been 
advanced in terms of reduction in the weight of partsi — and in^ 
In press molding of a high-tensile steel plate, a problem that 
5 springback, wrinkling, and oo on etc . may occur, which tcndo 
t ^can cause defective shapes bccomco would likely manifest. 
Furthermore, an increase in the strength of the metal plate 
material causes increase in the pressure of a contact surface 
with a mold at the time of press molding, which raioGO can 

10 raise a problem that a frictional force between the mold and 
the metal plate material cxcccdo m ay exceed the withstand load 
of a lubricant oil to thereby cause a defective surface due to 
die galling or the like and damage the moldT — aft4 . In this 
manner, the productivity may consequently product ivity be 

15 reduces. 

[00041 Concorninq thcoc problcmo, In order to prevent the 
occurrence of molding defects such as crack, wrinkling, and 
galling of the metal plate material after press molding, a 
method e #may be used for forming plural recesses in part or 
20 all of the surface of the mold and confining the lubricant oil 
between the surface of the mold and the metal plate material 
to thereby improve a sliding property is proposed — (for 
oxQmplc , as described in Japanese Patent Document 
jrH -Application Laid-open No. Hei 6-210370. However, this 
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method kas ^may have a problem in that if the friction force 
increases because of the increase in the strength of the metal 
plate material, a sufficient lubricating effect cannot m ay not 
be obtained. 

5 [0005] Moreover, it io conventionally Icnov^^n that when a. 

metal plate material with low press moldability is molded, a 
hot press molding method of heating the metal plate material 
and pressing it at a high temperature jrs -can be effective. In 
this hot press molding, importance io put on the cooling of the 

10 metal plate material after molding in terms of productivity 

may be of importance. Accordingly , and a method e #f or cooling 
with a refrigerant after press molding at a high temperature 
is proposed — (for example, — Patent Documonts 2 and 3). can be 
used, as described in Japanese Patent Application Laid-open 

15 No, Hei 7-47431 and Japanese Patent Application Laid-open No. 
2002-282951. 

[00061 However, the method propoocd described in Japanese 

Patent Document 2 io dcoiancd A pplication Laid-open No. Hei 7- 
47431 is used to supply air from an air output provided at a 
20 peripheral portion of a punch of a warm press moldj^ and 

perform cooling with the air with low heat capacity and heat 
conductivity as a mediumv — and hao > Such method may have 
difficulty in changing the air with air existing in a gap 
between the mold and the metal plate material, v^hcrcby it 
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hea -and thus can possess a problem that thc of a low cooling 
efficiency io low . Furthermore, the method propoocd in Patent 
Document 3 io dcoignod described in Japanese Patent Application 
Laid-open No. 2002-282951 is generally used to define a 
5 clearance between the mold and the metal plate material, 

provide refrigerant introducing grooves in a molding surface 
of the mold which touches the metal plate material, and 
increase the cooling rate using the refrigerant. However, 
when the refrigerant flows into the refrigerant introducing 

10 grooves, the temperature at the outlet side bQComco can become 
higher than that at the inlet side, and the refrigerant 
becomes difficult to flow along the grooves due to deformation 
of the metal plate material at the time of molding, which 
makes uniform cooling difficult. Additionally, there -i-s -may be 

15 a problem that a continuous groove shape tends to be 
transferred to the molded metal plate material. 
r00071 (Patent Document 1) 

fOOOSI Japancoc Patent Application Laid - open No. — Hci 6 - 

210370 

20 rOOOQl (Patent Document 2) 

fOOlO] JapancGC Patent Application Laid open No. — Ilci 7 - 

47431 

mom (Patent Document 3) 
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moi2i 



jQpancQG Patent Application Laid - open No. — 2002 



282951 



[00131 Accordingly, there is a need to overcome at least some of 
the above-described deficiencies. 

5 

&a mmary of the Invcnti eft 

SUMMARY OF EXEMPLARY EMBODIMENTS OF THE INVENTION 

[00141 An objcct One of the objects of the present invention 

is to provide a metal plate material hot press molding 
10 apparatus and hot press molding method which makes it possible 
tr e(e.g. , in a hot press molding apparatus for heating and 
molding a metal plate material —) to accelerate cooling of a 
mold and a molded piece to obtain a pressed product excellent 
in strength and dimensional accuracy in a relatively short 
15 period of time and . Another object of the present invention 
is to further suppress a heat storage into the mold to improve 
productivity of the pressed product. 

fOOlSI --¥^ One of the exemplary embodiments of the present 
invention has been madc is provided based on findings obtained 
20 b y, e.g. , elucidating the sliding property and heat transfer 
phenomenon between the metal plate material and the mold in 
hot press molding and examining the cooling behavior of the 
metal plate material by a cooling medium in detaili — and its 
Qummary io ao followo . 



SUBSTITUTE SPECIFICATION 



-6- 



Docket No. 187659US - 465122-00024 



f 001 61 



ft) — A metal plate matcriQl hot molding apparatus. 



v^^hGrcin in Accordinglv. an exemplary embodiment of the present 
invention relates to a metal plate material hot molding 
apparatus for press molding a heated metal plate material— 
5 oupply piping for a cooling medium io provided in a mold, 
ejection holco for the cooling medium arc provided in a 
molding surface of the mold, — and the oupply piping and the 
ejection holco communicate with each othcr> . This apparatus 
may include supply piping for a cooling medium' can be provided 
10 in a mold. Ejection holes for the cooling medium may be 
provided in a molding surface of the mold. Further, the 
supply piping and the ejection holes can communicate with one 
another . 

[0017] — The metal plate material hot molding apparatus 

15 — fifT — wherein the ejection holco for the cooling medium have 
a diameter between 100 |Lim and 10 mm and a pitch bctv^yccn 100 ^m 
and 1000 mm. 

fOOlSl (-3-) — The metal plate material hot molding apparatuo 

— — — (^^-7 — wherein discharge piping for the cooling medium 
20 io provided in the mold, — diocharge holco for the cooling 
medium arc provided in the molding surface of the mold, — 
the diocharge piping and the diocharge holco communicate with 
each other. 
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fOQ19| (-4^ — The mctQl plate rnQtcrial hot molding apparatuo 

o4 — (-3-H — vjhcrein the diochargc holes for the cooling medium 
have Q diameter bctv^^een 100 jim and 10 mm and q pitch between 
100 ^m and 1000 mm. 
5 [00201 According to another exemplary embodiment of the present 
invention, the ejection holes may have a diameter between 
about 100 um and 10 mm. and a pitch between about 100 um and 1000 mm. Further, 
discharge piping for the cooling medium can be provided in the mold. Discharge holes for 
the cooling medium mav also be provided in the molding surface of the mold, with the 
10 discharge piping and the discharge holes capable of communicating with one another. The 
discharge holes mav have a di ameter between about 100 um and 10 mm. and a pitch between 
about 100 um and 1000 mm. 

[00211 (-5-) — The metal plate material hot molding apparatuo 

of any of — ^ — te — H^-? — wherein For example, according to yet 

15 another exemplary embodiment of the present invention, at 
least part of the mold iis -can be formed e^from porous metal 

having plural holes. (-€-) — The metal plate material hot 

molding apparatus of any of — (rir) — te — (^^-? — wherein cooling piping 
irs - Cooling piping mav be provided in the mold. ^ — T+ie 

20 metal plate material hot molding apparatus of any of — (4-) — te 
( 6) , v^herein a A valve mechanism jr &may be provided in the 
ejection hole. — (-8^ — The metal plate material hot molding 
apparatus of any of — (4-^ — fee — (-?-)-7 — wherein a A sealing mechanism 
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which prevents the cooling medium from flowing out -irs -can be 

provided at a periphery of the mold. (-9-) — The metal plate 

matorial hot molding apparatus of any of — Hr) — fee — (8) , vy/hcrcin 
plural proicctionG Projections having an area ratio between 
5 about 1% and 90%, a diameter or circumcircle diameter between 
about 10 tmum and 5 mm, and a height between about 5 tmum and 1 mm a^e emav be 

provided on at least part of the molding surface of the mold. Hr9^ — The metal 

plate material hot molding apparatus of — (-9-)-i — v^^hcrcin the The 
projection is a NiW-plated layer or chrome-plated layer with a thickness between 10 
10 and 80 ^um> 

[00221 (-3r4r) — The metal plate material hot molding apparatus 

of any of — — tre — (10) , — whcrcin According to still another 
exemplary embodiment of the present invention, the ejection 
hole for the cooling medium jrs -can be provided only solely in a 
15 portion in the molding surface where a heat transfer 

coefficient between the metal plate material and the mold is 
about 2000 W/m^K or less- 

f00231 — A metal plate material hot molding method^ 

wherein in in a still another exemplary embodiment of the 
20 present invention, a metal plate material hot molding method 
e# is provided for press molding a heated metal plate material 
using the metal plate material hot molding apparatus of any of 
-ft) — te — (11) , molding io as described in any of the exemplary 
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embodiments above « In this exemplary embodiment of the method 

of the present invention, molding can be performed while a 
cooling medium is ejected to a gap between the metal plate 

material and a mold from ejection holes. fi^^ — The metal 

5 plQto material hot molding method of — (12) , — wherein For 

example, the cooling medium may be ejected to the gap between 
the metal plate material and the mold jhs -can be discharged from 

the ejection holes and/or discharge holes. (44-^ — Th e metal 

plate material hot molding method of — fiS-) — — ( 13) , — wherein the 
10 The cooling medium -jrs -can be ejected onlv solelv to a portion 
where a heat transfer coefficient calculated by measuring 
temperatures of the metal plate material and the mold is about 
2000 W/m^K or less. 

[00241 — The metal plate material hot molding method of 

15 any of — (~3r2-) — — ( 1 4 ) ^ — wherein Accordinq to another exemplary 
embodiment of the method according to the present invention, 
the cooling medium is one kind or tvjo kinds or more of can 
include water, a polyhydric alcohol, a polyhydric alcohol 
solution, polyglycol, a mineral oil with a flash point of 
20 about 120-'' C or higher, synthetic ester, a silicon oil, a 

fluorine oil, grease with a dropping point of about 120-°C or 
higher, and /or a water emulsion obtained by mixing a 
surfactant into a mineral oil or synthetic ester. — (44-) — 
metal plate material hot molding method of any of — fiS-) — te 
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(15) , — wherein Further, the cooling medium jr &can be ejected . 
during holding at a press bottom dead center. 
[0025] These and other objects, features and advantages of the 
present invention will become apparent upon reading the 
5 following detailed description of embodiments of the 

invention, when taken in conjunction with the appended claims. 
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10 [00261 Further objects, features and advantages of the invention 
will become apparent from the following detailed description 
taken in conjunction with the accompanying figures showing 
illustrative embodiment (s) , result (s) and/or feature (s) of the 
exemplary embodiment (s) of the present invention, in which: 

15 [00271 Fig. lA is a sectional view showing an example of a 

mejr ^of an exemplary mold according to an exemplary embodiment 
of the present invention provided with ejection holes and 
supply piping for a cooling medium; 

[0028] Fig. IB is a perspective view of the example of 

20 ^fe4=» eexemplary mold jrftof Fig, lA; 

[00291 Fig. 2A is a sectional view ohovjing an example of a 

melr dof an exemplary mold according to another exemplary 
embodiment of the present invention that is provided with 
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ejection holes, supply piping, discharge holes, and discharge 
piping for a cooling medium; . • • 

f003Q1 Fig. 2B is a perspective view of the cxamplo of 

^fe4= ^exemplarv mold irftof Fig. 2A; 
5 f 003 11 Fig. 3A is a sectional view showing an example of q 

mejr dan exemplary mold according to still another exemplary 
embodiment of the present invention that is provided with 
ejection holes, supply piping, and cooling piping for a 
cooling medium; 

10 fOQ321 Fig. 3B is a perspective view of the oxamplc of 

t4= ^exemplary mold jrftof Fig. 3A; 

[00331 Fig. 4 is a view ochcmaticQlly showing part of 

^bh ^top view of a portion of a surface of aan exemplary mold 
that is provided with ejection holes, discharge holes, and 
15 projections in accordance with yet another exemplary 
embodiment of the present invention ; 

[00341 Fig.SA is a side cut-away view GchcmaticQlly 

ohov\ying of a part of a section of an example of the 
mejr dexemplarv mold according to a further exemplary embodiment 
20 of the present invention that is provided with the ejection 
holes, the discharge holes, and the projections; and 

[00351 Fig. — 5B is a vicv^y schematically shovvying another 

example of the mold Fiq. 5B is a side cut-away view of a part 
of an exemplary mold according to another exemplary embodiment 
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of the present invention similar the exemplary mold shown in 
Fig. 5A. 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS OF INVENTION 
5 [0036] Dotailcd DGOcriptionA ccording to an exemplary embodiment 
of the Preferred Embodimcnta The — present invention— ts- 
designed ouch that in^ a metal plate material hot press 
molding method e #can be provided for (i) heating a metal plate 
material to a predetermined temperature (for example, between 

10 about 7 00^^C and 1000-^C) by an electric heating furnace or a 
heating device by induction heating, electric current heating, 
or the like, (ii) setting the high-temperature metal plate 
material in a mold of a press molding apparatus, (iii) 
pressing the metal plate material by molding surfaces of the 

15 mold, that is, contact surfaces of opposed punch and die, and 
(iv) holding the mold at a bottom dead center, a cooling 
medium is ejected from the mold during and/or after molding to 
forcibly cool a molded piece and the mold. 

[0037] Examples of exemplary m olds according to various 

20 embodiments of the present invention shown in fjr gFigs . 1^ to 
Fig. 3 will B shall be described in further detail below. 
[00381 Figs. lA and IB schematically show an 

Qspcct exemplary mold according to one exemplary embodiment of 
the present invention in which ejection holes 4 and supply 
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piping 6 for the cooling medium of the prcocnt invention are 
provided in a die 2 being a lower mold, and the supply piping 
6 for the cooling medium provided in the die 2 and a die 
holder 2' are connected by bolts via 0-rings 11. i ^As shown 
5 in Fig. lA, a rubber 0-ring is provided as a sealing mechanism 
12 which prevents the cooling medium from flowing out is 
provided at a periphery of the die 2. Figs. lA and IB show 
^fe^ ^side and perspective view of an example in which the 
ejection holes 4 for the cooling medium are provided in a 

10 vertical wall portion of the die, but thcv and also may be 

provided in a bottom portion or may be provided / as well as in 
both the vertical wall portion and the bottom portion. 
[00391 Figs. 2A and 2B schematically show an cxamplc side 

and perspective views of the mold according to another 

15 exemplary embodiment of the present invention in which the 

ejection holes 4 and discharge holes 5 for the cooling medium 
are provided in a punch 3 boing that is an upper mold, the 
supply piping 6 for the cooling medium is provided in a punch 
holder 3' , and discharge piping 7 for the cooling medium is 

20 provided in a core 3" and the punch holder 3' . i nAs shown in 
Figs. 2A and 28, the supply piping 6 for the cooling medium 
jrs -can be formed by the core 3" provided inside the punch 3. 
The discharge piping 7 may be provided in the punch holder 3' 
and the core 3", and the supply piping 6 for the cooling 
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medium provided in the punch holder 3' and the punch 3 e^ can 
be respectively connected by bolts via the 0-rings 11. As 
shown in Fjr€ fFigs . jn -lA and IB, the rubber 0-ring shown as the 
sealing mechanism 12 for the cooling medium 4r 5can be provided 
5 at the periphery of the lower die 2. 

f00401 .An ejection valve 9 v^ith having a spring mechanism 

-Bre- can be provided in the ejection hole 4 as shown in Figs. 2A 
and 2B, and closes an outlet of the supply piping 6 for the 
cooling medium^ for example, when the punch reaches the bottom 

10 dead center at the time of pressing, and when the internal 
pressure of the cooling medium is increased, the ejection 
valve 9 opcno can open, and the cooling medium jr emay be ejected 
from the ejection hole 4 to the surface of the mold. The 
ejected cooling medium jbs -can be discharged from the discharge 

15 piping 7 through an intermediate barrel 10 which crosses the 
supply piping 6 from a discharge hole 5. IncidcntQlly , — Figs. 
2A and 2B ohow the example in which illustrate that the 
ejection holes 4 and discharge holes 5 for the cooling medium 
are provided in a vertical wall portion of the punch, but they 

20 may be provided in a bottom portion or may be provided in both 
the vertical wall portion and the bottom portion. 

f0041] Fig. — 3 ohov/o an cxamplc Fias. 3A and 3B show side and 

perspective views of the mold according to still another 
exemplary embodiment of the present invention in which cooling 
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piping 8 is further provided in the die 2 provided with the 
ejection holes 4 and supply piping 6 for the cooing medium 
shown in Fig. 1. The exemplary mold -ar ^shown in Fig. 3A can be 
cooled by the supply piping 6 for the cooling mediumi — but by^ 
5 gy further providing the cooling piping 8., the cooling of the 
mold -jr ecan be accelerated. The cooling piping 8 jrs -can also be 
effective in accelerating the cooling of the mold provided 
with the supply piping 6 and discharge piping 7 for the 
cooling medium shown in Fig. 2. Moreover, by providing the 
10 cooling piping 8, for example, it is possible to suppress or 
reduce an increase in the temperature of the mold when press 
molding is performed until the bottom dead center is reached 
without the cooling medium being supplied to the supply piping 
6. 

15 [00421 Figs. 1^ to 3g each show tho cxamplc exemplary 

embodiments of the molds in accordance with the present 
invention in which the ejection holes A, supply piping 6, 
discharge holes 5, discharge piping 7, and cooing piping 8 for 
the cooling medium are provided in either of the punch 3 and 

20 the die 2, but thcy these components/elements may be provided 
in both of the punch 3 and the die 2. Moreover, it is 
nccGOQQrv pref erable to provide at least the ejection holes 4 
and supply piping 6 for the cooling medium. In thio such case, 
it is possible to continuously eject the cooling medium from 
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the ejection holes while continuing to supply the cooling 
medium to the supply piping 6, and it is also possible to 
discharge the cooling medium if the supply of the cooling 
medium to the supply piping 6 is stopped to bring the internal 
5 pressure to a negative pressure. Accordingly, depending on 
the size and shape of the mold, it can be . selected 
appropriately whether the ejection holes 4 and the supply 
piping 6 are used for discharging the cooling medium or the 
independent discharge holes 5 and discharge piping 7 are 

10 further provided. 

[00431 When the shapes of the ejection hole 4 and the 

discharge hole 5 are circular, a sufficient supply of liquid 
GQnnot m av not be easily obtained due to pressure loss if their 
diameter is less than about 100 t mum. Thus , who rob v it jr &can be desirable 

1 5 that for the lower limit of the diameter to be about 1 00 i^tmum or more. On the other hand, 
if the diameter of the ejection hole 4 and the discharge hole 5 is more than about 10 mm, the 
shapes thereof e^g ^can be transferred to the metal plate materia l Therefore , vy^hcrcby it 
jbe may be desirable that for the upper limit of the diameter 
be about 10 mm or less. Incidentally, — wh c n When the shapes of 

20 the ejection hole 4 and the discharge hole 5 are rectangular 
or elliptical and when the ejection hole 4 and the discharge 
hole 5 .have indeterminate forms such as holes of porous metal, 
the area of a flow path nccdQ to m ay preferably be 
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approximately equal to that of a circle with a diameter 
between about 100 jbtfaum and 10 mm. When the pitch of the ejection 
holcG 4 and the discharge holes 5^ that ig, — the distance 
betv^yecn the adjacent ejection holes 4 v\?hen only the ejection 
5 holes 4 are provided or the distance between the adjacent 

ejection holes 4 or discharge holes 5 when both the ejection 
holes 4 and the discharge holes 5 arc provided is less than 
100 — the number of holes increases^. — resulting in an 

increase in the cost of the mold> On the other hand^ — 

10 pitch of the ejection holes 4 and the discharge holes 5 is 
more than 1000 mm^, — cooling capacity becomes sometimes 

insufficient . Accordingly, — it is desirable that the pitch of 

the ejection holes 4 and the discharg e holes 5 be between 100 
|am and 1000 mm. 

15 [00441 When the pitch of the ejection holes 4 and the discharge holes 5. that is, the distance 
between the a djacent ejection ho les 4 when only the ejectio n holes 4 are provided or th e 
distance between the adjacent ejection holes 4 or discharge holes 5 when both the ejection 
holes 4 and th e discharge holes 5 are provided is less than 100 lam. the number of holes can 
increase, resulting in a likelv increase in the cost of the exemplary mold. On the other hand. 

20 the pitch o f the ejection holes 4 and the discharge holes 5 can be more than about 1 000 mm. 
cooling capacity can sometimes become i nsufficient. Accordingly, it mav be desirable that 
the pitch of the ejectio n holes 4 and the discharge holes 5 be between about 100 um and 1000 
mm. 
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[00451 It iG For example, it may be desirable that die steel for 
hot working be used as a material for the mold in terms of hot 
strength. When the cooling piping is provided in both the 
punch and the die, die steel for cold working which h ehas a 
5 high heat conductivity, and which is resistant to heat storage 
may be used. The ejection holes, the discharge holes, and the 
cooling piping can be provided by mechanical drilling by a 
drill or by drilling by electric discharge machining. 
[00461 Furthermore, instead of drilling the ejection holes 

10 and discharge holes for the cooling medium in the mold, the 
supply piping for the cooling medium may be connected to 
porous metal having pores which penetrate from within the mold 
to the outer surface. In thio such case, it jris -may be desirable 
to use porous metal having plural holes with a diameter 

15 between about 1 00 j«tym and 1 mm^ and a pitch between about 100 tmum and 1 0 mm 
which may p enetrate in a thickness direction. For example, if in a punch having a structure 
such as shown in Fjr eFigs . ^2A and 2B. die steel is used for the core 3" and porous metal 
is used for the punch 3, the punch 3 having the fine ejection holes 4 and discharge holes 5 
with a small pitch can be manufactured. Such porous metal can be 

20 manuf Qcturcd produced by sintering powder after molding or by 
unidirectional solidification for making the direction of a 
solidification structure fixed by temperature control after 
melting metal. Incidentally, — ±^It is also possible to 
manufacture the entire punch 3 or a substantial portion 
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thereof by the porous metal> or it io qIgq poPGiblc and/or to 
provide holes in portions corresponding to the ejection holes 
4 and discharge holes 5 for the cooling mediu m shown in Figs. 
2A and 2B by machining and join the porous metal into the 
5 holes by shrink fitting or the like. 

[00471 Moreover, by providing projections 13 on the molding 

surface of the mold, the area of contact between the mold and 
the metal plate material can be reduced, and hence the 
occurrence of die galling can be suppressed. Furthermore, 

10 since the area of contact between the mold, that is, the die 2 
or the punch 3 and the metal plate material 1 jr ^may be reduce 
by these projections 13, excessive cooling of the metal plate 
material 1 due to the movement of heat to the mold during 
press molding can be suppressed or at least reduced . When the 

15 cooling medium is ejected at the bottom dead center, it 
bocomoD CQpy can become relatively simple to circulate the 
cooling medium through gaps between the projections 13 and. the 
metal plate material 1, which makes it possible to increase 
cooling efficiencies of the mold and the metal plate material 

20 1. 

r00481 A schematic top view and sectional side views of the 

surface of part of the mold according to vet another exemplary 
embodiment of the present invention provided with the 
projections 13 on its molding surface are shown in Figo Fig . 4 
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and -^T -Figs. 5A and 5B. respectively. The exemplary 
projections 13 shown in Figo Fiq > 4 and 5 as an example 
e-jf eFiqs. 5A and 5B are illustrated as circular cylinders which 
a-ae ecan be provided at predetermined intervals on the molding 
5 surface of the mold, but it is desirable that the shape of 
their horizontal sections be any of a circular shape, a 
polygonal shape, and a star-shape, and that the shape of their 
vertical section be rectangular or trapezoidal. They also may 
be hemispherical. Incidentally, it jr &may be desirable that 

10 plural projections 3 of the mold be provided on the molding 

surface, and the projections 13 may be provided on part of the 
molding surface or may be provided on the entire surface. 
Furthermore, they may be provided on either or both of .the 
punch and the die. 

15 [00491 Incident all v> — a-g-As shown in Fig. 5A, the projections 13 
of the mold may be provided as they arc on the surface of the 
molding surface . However , but depending on the m olding 
conditions, marks of the projections 13 a- ^may sometimes ^ 
transferred to the molded piece. To prevent this, — it io 

20 rccommcndcd such occurrence, it may be preferable to remove 

only solely peripheries of the projections 13 as shown in Fig. 
5B- Furthermore, it is also possible to remove the portions 
where the projections 13 are provided to a depth equal to the 
height of the projection ir^ lS, and provide the projections 13. 



SUBSTITUTE SPECIFICATION -21- 



Docket No. 187659US - 465122-00024 

[00501 It is dcsirablc m av be preferred that the height of 

the projections 13 on the molding surface of the mold be between about 5 tmum 
and 1 mm. This jre mav be because if the height of the projections 13 is lower than about 5 
t mmm . the gap between the mold and the metal plate material 1 is too small, so that it is 
5 difficult to circulate liquid between the mold and the metal plate material i-y — and if l. 
If the height is higher than 1 mm, the gap -jr^ may be too large, 
so that the cooling rate by heat conductivity of the liquid 
lowers . 

rOQSll It io dcoirablc m ay be preferred that the area ratio 

10 of the projections 13 on the molding surface of the mold be 
between 1% and 90%. This jr^s -can be because if the area ratio 
of the projections 13 is less than about 1%, projection shapes 
on the surface of the mold tend to be transferred to the metal 
plate material-^ — and if it . If the area ratio of the 
15 projections 13 is more than about 90%, the gap between the 
projections is likely narrow, whereby pressure loss becomes 
larger and the liquid can neither be filled nor flow, which 
GQUOQO can cause a slight reduction in cooling efficiency. 
10052] It jr &may be preferred desirable that the diameter of 

20 the projection when the shape of the horizontal section of the 
projection on the molding surface of the mold is circular or 
the diameter of a circumcircle of the projection when the 
shape thereof is polygonal or star-shaped be between 10 tmum and 5 
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mm. This jr &can be because if the diameter of the projection or the diameter of the 
circumcircle is less than 10 t*fflum, the projection wears badly, and cannot produce an effect 
over a long periodT — and if ^Jfthe diameter thereof is more than about 5 mm,it 
would be difficult to perform uniform coolin g cannot be performed . 
5 [0053] The projections on the molding surface of the mold 

can be formed by electrochemical machining, chemical etching, 
electric discharge machining, or a plating method. The 
exemplary embodiment of the chemical etching procedure 
according to the present invention can be performed in the 

10 following manncr as follows . First, after a visible light 

curing photosensitive resin is applied on the surface of the 
mold and dried, visible light -jr ecan be irradiated to cure an 
irradiated portion while the surface is covered with a mask 
for cutting off the visible light. Then, the resin J^except 

15 that on the cured portion^r ^) can be removed by an organic 
solvent. For example, it is rccommcndcd m ay be preferable to 
perform etching by immersing the surface of the mold in an 
etching solution such as a sodium chloride solution for one 
minute to thirty minutes. The diameter or pitch of the 

20 projections may be selected appropriately depending on the 

shape of the mask for cutting off the visible light, and the • ■ 
height of the projections may be adjusted appropriately 
depending on the etching time. 
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f00541 Electro discharge texturing is a processing method 

in which a copper electrode having recesses each with an 
inverted shape of the targeted projection as a surface pattern 
is placed opposite the mold and a pulse direct current is 
5 passed^ while its current peak value and pulse width are 

changed. The desirable current value jr ^can be between about 2 
A and ICQ A^^ and pulse width is between about 2 fjr&ee usec and 1000 
|LiGOC, — and thov need to usec. These values can be adjusted appropriately according 
to the material of the mold and the desired shape of the projections. 

10 IflOSSl In the gqdc of When the plating method is used ^ in order 
that the diameter of the hemispherical projection is set to 
about 1 0 tbfflum or more, it jr &mav be desirable thatfc i the thickness of plating to^be 
about 10 f^um or more, and that the upper limit thereof to_b e about 80 or less to 

prevent exfoliation. After alkaline degreasing and electrolytic etching of electrolyzing the 

1 5 mold as an anode in a plating solution, a plating layer can be formed at a predetermined bath 
temperature and current density. Incidentally, — aA plating layer with a thickness 
between about 10 tmum and 80 troum can be provided under conditions of a current density 
approximately between about 1 A/dm^ and 200 A/dm^ and a bath temperature approximately 
between about 3Q-^C and 60-°C in a chrome plating solution in the case of chrome plating, 

20 and under conditions of a current density approximately between about 1 A/dm and 100 
A/dm^ and a bath temperature approximately between 30-^C and 60-°C in a NiW plating 
solution in the case of NiW plating. IncidcntQlly, — 4rftln order to form a 
plating layer having a hemispherical projection shape, for 
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example, it is rcauircd pref erable to perform plating at a 
fixed current density after the current density is increased 
stepwise. 

100561 Furthermore, it is dcGirablc m av be preferable that 

5 the ejection holes 4, the discharge holes 5, and the 

projections 13 be each provided at a portion where the heat 
transfer coefficient between the mold and the metal plate 
material is about 2000 W/m^K or less. For example, by 
performing hot press molding while measuring the temperatures 

10 of the mold and the metal plate material using a thermocouple, 
a radiation thermometer, or the like before the ejection holes 
4, the discharge holes 5, and the projections 13 are each 
provided, the portion where the heat transfer coefficient 
between the mold and the metal plate material is about 2000 

15 W/m^K or less can be worked out from the temperature changes 

of the mold and the metal plate material. It is also possible 
to calculate the deformation behavior and gap amount between 
the mold and the metal plate material by FEM and determine the 
portion where the heat transfer coefficient is 2000 W/m^K or 

20 less. Consequently, it becomes possible to eject the cooling 
medium to a portion which requires acceleration of cooling and 
enhance cooling, which enables uniform cooling and reductions 
in the manufacturing cost and cooling cost of the mold. 
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[00571 A hot press molding method according to another 

exemplary embodiment of the present invention -i ^maybe designed 
to enhance cooling by ejecting the cooling medium to the gap 
between the mold and the metal plate material during and/or 
5 after press molding. For example, when the metal plate 
material 1 is press-molded using the hot press molding 
apparatus shown in Figs. 1^ and -S- rlB and Figs. 3A and 3B, the 
cooling medium jre -can be supplied from the supply piping 6 and 
ejected to the gap between the mold and the metal plate 

10 material 1 from the ejection holes 4 while the punch 3 is 

lowered to and held at the bottom dead center. In this case, 
if the internal pressure in the supply piping 6 is brought to 
a negative pressure, the cooling medium can be discharged from 
the ejection holes 4, and hence, if the ejection and discharge 

15 of the cooling medium are repeated intermittently, the cooling 
effect increases. Similarly, as also in the case of the hot 
press molding apparatus provided with the discharge holes 5 
and the discharge piping 7 shown in fjrg ^Figs . g- r2A and 2B, the 
cooling medium can be discharged from the ejection holes 4. 

20 IncidcntQllv, v^hcn When the nucleate boiling of the 

cooling medium is predicted f ro m using a 

calculation /determination based on the boiling point of the 
cooling medium, heat conductivity, the heat capacity of the 
metal plate material, and oo on etc. , it io dcoirablc mav be 
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preferable to constantly eject the cooling medium from the 
ejection holes to let it flow to the discharge holes. When 
the nucleate boiling of the cooling medium is not predicted, 
the gap between the mold and the metal plate material may 
5 remain filled with the cooling medium. 

[00591 The cooling medium may be any of water, a polyhydric 

alcohol, a polyhydric alcohol solution, polyglycol, a mineral 
oil with a flash point of 120-^C or higher, synthetic ester, a 
silicon oil, a fluorine oil, grease with a dropping point of 
10 120-^C or higher, and a water emulsion obtained by mixing a 

surfactant into a mineral oil or synthetic ester, or a mixture 
of these may be used in terms of flame retandancy and 
corrosiveness • Furthermore, the cooling medium may be liquid 
or vapor. 

15 IM6fll —tie ^The hot -press molding method and apparatus according 
to still another exemplary embodiment of the present invention 
4r &can also be applicable to any of metal plate materials such 
as an Al-plated steel plate, a Zn-plated steel plate, ordinary 
steel, copper, and aluminum. Incidentally, — v^hon When the 

20 material of the metal plate material is steel, it is- 

dcQirablc may be preferable that the temperature of the entire 
steel plate be maintained at not higher than a martensitic 
transformation point of the steel at the bottom dead center. 
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f006n Examples- 

[0062] — ¥h eCertain exemplary embodiments of the present 
invention will be more specifically dcGcribcd below b y via a 
use of examples. 

5 [0063] i_Q0_611 • • A hat-shaped product is manufactured by way of 
trial by manufacturing the mold which is schematically shown 
in Fig. 2 by machining, and further drawing Al-plated steel 
using the hot press molding apparatus provided with the 
projections 13 which is schematically shown in Figs. 4 and 5. 
10 The length of a specimen is 300 mm, width is 100 mm, thickness 
is 1.2 mm, and surface roughness is 1 .0 jbtmum. The material of the die and the 
punch is S45C, shoulder width is 5 mm, die width is 70 mm, and die molding depth is 60 
mm. 

[00641 Porous metal is fabricated by unidirectional 

15 solidification of fixing a rod with a diameter of 10 mm which 
is made of stainless steel composed of a SUS304L-based 
component in a high-pressure container, moving a portion to be 
heated while partially melting the rod by high-frequency 
induction heating, and thereby continuously melting and 
20 solidifying the rod. 

[00651 Ejection holes, discharge holes, and projections of 

the mold are those shown in Table 1, and the surface roughness 
is 1.0 tmum. Incidentally, before processing of providing the ejection holes, the 



SUBSTITUTE SPECIFICATION -28- 



Docket No. 187659US - 465122-00024 

discharge holes, and the projections, hot-press molding is performed while the temperature is 
measured by a thermocouple to specify portions where the heat transfer coefficient is 2000 
wWk or less, and more specifically, the ejection holes, the discharge holes, and the 
projections are provided in sidewall surfaces of the die and the punch. 
5 [00661 The Al-plated steel plate is heated to approximately 

in an atmosphere furnace, and the heated steel plate is 
set at a molding position between the punch and the die, 
subjected to hot press molding, held for two seconds at the 
bottom dead center, and cooled by ejecting the cooling medium, 

10 In comparative example 12, it is held for ten seconds at the 
bottom dead center. Thereafter, the mold is released, and the 
product is taken out. This molding is performed continuously 
100 times. Furthermore, using the specimen and the mold under 
the same conditions, a comparative product is manufactured by 

15 heating the specimen to approximately 950-^C, hot press 

molding it, and then immediately cooling it by immersing it in 
a tank without holding it. 

[0067] The hardness, shape, surface damage, and mold 

surface temperature regarding each of the obtained products 
20 are evaluated, and results thereof are shown in Table 1. The 
hardness of the product is measured at a pitch of 10 mm in a 
longitudinal direction. If the hardnesses at all positions of 
all the products are higher than the hardness of the 
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comparative product, the hardness is regarded as good and 
shown by ^^B^2®fi 

f00681 The shape of the product is evaluated by comparing 

the shape of the product measured by a laser displacement 
5 meter with a designed shape, and if the error between the 

shape of the product and the designed shape is within 10%, the 

shape is regarded as good and shown by ''D" . ''©^ The evaluation of 
surface damage is performed by visually examining a sidewall portion of the product, 
and if no galling is observed in all the products, the evaluation of surface damage is 

10 regarded as good and shown by ''D" . 

f00691 If the percent defective of hardness, shape, and 

surface damage is 1% or less, the comprehensive evaluation is 

regarded as good and shown by ^^^^ ^^^OM and if it is more than 1 %, the 

comprehensive evaluation is regarded as bad and shown by ^^x'' . 

15 Furthermore, after molding, the mold surface temperature is 
measured by a contact-type surface thermometer; and if the 
mold surface temperature is 80-^C or lower, it is regarded as 

good and shown by ''o" , "'Q^ and if it is higher than it is regarded as 

bad and shown by ^^Ix" . 
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[00701 As shown in Table 1, the products manufactured 

within the ocopG according to exemplary embodiments of the hot 
press molding method e #accordinq to the present invention 
using the exemplary embodiments of the hot press molding 
5 apparatus ej ^accordinq to the present invention generally have 
good hardness,es and shapes, havc little or no surface damage^ 
may cause a small increase in mold temperature, and can 
receive good comprehensive evaluations. On the other hand, in 
comparative examples 11 and -3r3-? -12 shown in Table 1/ a 
10 conventional molding apparatus provided with no ejection hole 
for the cooling medium is used, and the comparative example 12 
which has a longer holding time than the comparative example 
11 has good hardness and shape, but rcccivco a bad may receive 
less than positive comprehensive evaluation. 
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jf^^ otrial ApplicQbiJ rjrfeyEXEMPLARY INDUSTRIAL APPLICABILITY 
[00711 -¥he Exemplary embodiments of the present invention makco an 
oxtrcmely rGmarkablc induotrial contribution ouch provide that 
when a pressed product excellent in strength and dimensional 
accuracy is manufactured using a high-strength metal plate 
material with low press moldability as a material by hot press 
molding, it is possible to increase productivity and further 
suppress heat storage into a mold to lengthen the life of the 
mold, thereby reducing a manufacturing cost. 
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